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I g63.-After incubation of rat adipose tissue with corticotrophin in buffer-albumin, the composition of the free fatty acids (FFA) in the tissue and in the medium was determined; the medium contained proportionately more myristic, palmitoleic, linoleic, and linolenic acids. The ratio of the amount of each free acid in the medium to that in the tissue increased with decreasing chain length and increasing unsaturation. Free acids produced in adipose tissue by corticotrophin stimulation were esterified by subsequent exposure of the tissue to glucose and insulin. Among the saturated and monoenoic acids the shorter chain components were esterified to a greater extent, while at a given chain length the more unsaturated acids were more readily esterified. Thus the more polar FFA were more readily released from and esterified in adipose tissue. These results could have been produced by a variety of processes including differences between the acids in aqueous solubility or the presence of tissue-binding sites with varying affinities for the different acids.
epinephrine corticotrophin insulin adipose tissue T HE INCUBATION OF RAT ADIPOSE TISSUE with corticotrophin or epinephrine results in rapid production of free fatty acids within the tissue. If a fatty acid acceptor such as albumin is added to the medium, transfer of a portion of the free acids from tissue to medium occurs (5, 7, I 2, I 3). The composition of the free fatty acids produced by hormonal action on rat epididymal fat was reported in a previous study. In these experiments the adipose tissue was incubated with epinephrine or corticotrophin in a buffer-albumin medium and the free acids in tissues and media were pooled prior to extraction and fractionation. These studies demonstrated that while the free acids were composed of the same major fractions found in the glyceride acids, the per cent composition of the free and glyceride acids differed. The free acid fraction consistently contained a greater proportion of palmitic and palmitoleic acids (9). The present study was undertaken to extend these initial observations in a number of respects. An evaluation was made of the influence of albumin in the medium, and hence of transfer of free acids from tissue to medium, on the composition of the free fatty acids produced during incubation of rat adipose tissue with corticotrophin. Studies were also made of the composition of the free fatty acids that remained within the tissue and of those which diffused into the medium when fat tissue was incubated with corticotrophin in medium containing albumin.
Finally, the effect of an increase in the rate of esterification of free fatty acids in adipose tissue on the composition of these acids was noted.
METHODS
Fed male Wistar rats (I 50-180 g), maintained on Purina laboratory chow, were anesthetized with intraperitoneal sodium pentobarbital, and multiple pieces of epididymal fat were excised and weighed. The tissues were incubated in I ml of medium which consisted of either Krebs-Ringer phosphate buffer (pH 7.4) alone, or buffer containing 5 %, human albumin pretreated to remove bound fatty acid (8) . Incubation was carried out for the time indicated at 37 C under air, following which the appropriate samples were extracted and titrated by the method of Dole (3) . The procedure for isolation and methylation of the free and glyceride acids has been previously described (9). The hormone preparations used were pig corticotrophin prepared by the oxycel purification method (I ) (Nordic Biochemicals Ltd., Montreal, Canada) and crystalline insulin (Lilly) and were added in a volume of 0.1 ml.
The fatty acid composition of the samples was determined by gas chromatography. gas. The oven temperatures used were 210 C with the thermistor detector and 183 C with the ionization detector. Peak areas were estimated initially by triangulation and later by a disc integrator (expressed as moles %). The acids are designated in the tables by the method suggested by Dole (4) and minor components were omitted from the calculations. On most occasions the peak representing linolenic acid was too broad and flat to be accurately measured.
RESULTS
Effect of albumin in the medium on free fatty acid comfiosihon. In these experiments pieces from one epididymal fat pad were incubated in phosphate buffer alone and pieces from the other pad were added to a medium consisting of buffer-albumin.
Approximately equal amounts of free acid in the two groups were produced by adding IOO lug/ml of corticotrophin to flasks containing only buffer and IO pg/ml to those in which buffer-albumin was present. Incubation was carried out for I or 3 hr, after which the free acids in tissue and medium were extracted together and chromatographed. Preliminary studies established that in the absence of albumin only 3-4 % of the f ree acids were found in the medium at the conclusion of I or 3 hr of incubation. When albumin was used the medium contained 25 ';/o of the total free acids after I hr of incubation and 48 % after 3 hr. The results of these studies, shown in Table I , indicate that the composition of the free acids present after corticotrophin stimulation was not affected by the presence of albumin in the medium. Thus, this composition was independent of whether the free acids accumulated within the tissue or were distributed between tissue and medium.
The influence of the small quantity of free acid present in the tissues prior to incubation on the final free acid composition was not evaluated. The minute amount that cou Id be extracted from fresh tissue precluded accu rate Cl lromatograph Y Of this fraction in each experiment.
Composition of the free fatty acids of medium and tissue. As previously noted, incubation of adipose tissue with corticotrophin in a buffer-albumin medium results in accumulation of free acids in both tissue and medium. When the tissues and media were extracted separately after I and 3 hr of incubation in this system, the composition of the free acids in the two compartments was found to differ substantially (Table 2) . Myristic, palmitoleic, linoleic, and linolenic acids consistently comprised a greater fraction of the free acids of the medium than of the tissue.
To relate the behavior of each free acid to the others in the series, the ratio of the amount of each acid in the medium to that in the tissue was calculated.
These data, shown in tissue ratio fell with increasing chain length, while at a given chain length (18c) this ratio increased with increasing unsaturation.
Thus the medium-to-tissue ratios of the more polar acids were greater than those of the less polar. A single exception to this pattern was noted in the I -hr studies in which the relationship of the ratios of oleic and stearic acids was variable.
With this exception the relationship between the ratios obtained for the various acids was not influenced by prolongation of incubation and thus was independent of the amount of free The experiments were performed as described i n the legend to The glucose and insulin concentrations used i n exps. 1 and 3, 2 and 5, and 4 and 6 were the same as those employed i n exps. A, B, and C, Table  4 , respectively.
acid produced and of the fraction of the total free acids found in the medium.
Efect of enhancement of esterijcation on free fatty acid composition in rat adipose tissue. To explore the behavior of individual free fatty acids in adipose tissue under conditions of accelerated esterification, accumulation of free acid within the tissue was produced by brief exposure of epididymal fat to corticotrophin. The specimens were transferred to fresh medium containing either buffer only or, to enhance esterification (2, IO) , to medium containing glucose and insulin. Albumin was omitted from all media during both periods of incubation to confine the free acids to the tissues. The compositions of the free acids in the two groups of tissues were compared at the end of the second period of incubation.
The results of representative experiments are shown in Table 4 . The composition of the free acids remaining after stimulation of esterification differed in a number of respects from that of the acids in the control tissues. Consistently palmitoleic and linoleic acids comprised a smaller fraction of the free acids of the tissues exposed to glucose and insulin than of the control specimens; the largest differences were found under conditions in which esterification was stimulated to the greatest extent. On the basis of the titration and composition data, a calculation was made of the fraction of each acid that was esterified under glucose and insulin stimulation. The data from all experiments, shown in Table 5 , indicate that among the saturated and monounsaturated fatty acids, the shorter chain components were esterified to a greater extent than the longer chain acids, while at a given chain length the more unsaturated acids were more readily esterified.
A similar relationship between fatty acid structure and esterification of free acids by rat adipose tissue has been reported recently by Stein and Stein (I I).
DISCUSSION
The composition of the free fatty acids produced by corticotrophin stimulation of rat adipose tissue noted in this study was undoubtedly the resultant of the compositions of the triglycerides hydrolyzed, of the free acids produced by this hydrolysis, and of the acids esterified during the incubation.
The relative importance of these factors in the production of the free acid pattern observed cannot be clearly defined at present. While a variety of processes could have produced differing medium and tissue free acid compositions, it is unlikelv that these differences were due to modifications in the composition of the medium or tissue free acids independently of one another. In contrast to the results observed (Table I ) , a process of this nature would have produced significant differences between the free acid pattern obtained when the acids were confined to the tissue and that noted when they were distributed between tissue and medium.
The results of the present study do suggest that the differences in composition between the free acids of the tissue and of the medium were related to fatty acid structure in a manner such that the mediumto-tissue ratios of the individual acids varied with the polarity of the acids. Differences between the acids in solubility in the medium or in an aqueous compartment of the cell in communication with the medium provide the most obvious explanation of these results. Consideration must also be given to the possibility that the tissue
